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SELF-PIERCING RIVET 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims the benefit of Japanese Application 
2002-223335, filed July 31 , 2002. The disclosure of the above application is 
incorporated herein by reference. 

FIELD OF THE INVENTION 
[0002] The present invention relates to a self-piercing rivet, in which 
the rivet comprises a flange with a large diameter and a shank with a hollow 
cavity extending from the flange inward, in which the end of the shank pierces a 
plurality of workpieces. The self-piercing rivet becomes deformed and expands 
outwardly in the radial direction, remaining inside the final workpiece without 
passing through. The expanded shank and the flange are interposed between 
the plurality of workpieces, joining the workpieces together. 

BACKGROUND OF THE INVENTION 
[0003] When a self-piercing rivet is driven into workpieces such as two 
body panels by the punch and die of a fastening device, the shank of the rivet 
passes through the workpieces and the end of the shank expands. The 
expanded shank and the large-diameter flange then hold the workpieces 
together. Self-piercing rivets are used to join aluminum body panels together 
because welding cannot be used. Because aluminum body panels are 
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increasingly used to reduce the weight of automobiles, demand for self-piercing 
rivets has grown. The shank of a self-piercing rivet is driven into workpieces by a 
punch without first opening holes in the workpieces. The shank of the self- 
piercing rivet passes through the workpieces on the punch side but does not 
pass through the final workpiece adjacent to the die. Instead, the end remains 
inside the workpieces. In other words, the shank of the rivet does not make a 
hole in the surface of the final workpiece adjacent to the die. As a result, the final 
workpiece is sealed against damage from air and water, and the external 
appearance of the final workpiece is protected. 

[0004] A self-piercing rivet is disclosed in the specification of U.S. 
Patent No. 6,325,584, in which the rivet comprises a flange with a large diameter 
and a shank with a hollow cavity extending from the flange inward, in which the 
end of the shank pierces a plurality of workpieces, becomes deformed and 
expands outwardly in the radial direction, remaining inside the final workpiece 
without passing through, in which the expanded shank and the flange are 
interposed between the plurality of workpieces, joining the workpieces together, 
and in which the rivet is made of aluminum or an aluminum alloy. The end of the 
shank in this self-piercing rivet has a flat ring-shaped surface that is not sharp. 
The hollow cavity inside the shank is also conical and converges at a 50 to 60 9 
angle from the end of the shank. A self-piercing rivet with this shape as 
described in the U.S. patent application process does not become crumpled 
when driven into workpieces and is less likely to pass through the final 
workpiece. 
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[0005] When the workpiece on the punch side is thicker than the final 
workpiece adjacent to the die in the driving direction of the rivet from the punch, 
the shank of the self-piercing rivet passes through the final workpiece at an 
angle, and the radial penetrating length or "undercut" is small As a result, the 
workpiece on the punch side is not attached with sufficient strength in the final 
workpiece. In other words, the self-piercing rivet disclosed in U.S. Patent No. 
6,325,584 leaves room for improvement in terms of joining strength. 

SUMMARY OF THE INVENTION 
[0006] The purpose of the present invention is to provide a self-piercing 
rivet able to obtain sufficient undercut. The present invention achieves this 
purpose by providing a self-piercing rivet, wherein the rivet comprises a flange 
with a large diameter and a shank with a hollow cavity extending from the flange 
inward, wherein the end of the shank pierces a plurality of workpieces. The 
flange becomes deformed and expands outwardly in the radial direction, 
remaining inside the final workpiece without passing through, wherein the 
expanded shank and the flange are interposed between the plurality of 
workpieces, joining the workpieces together. The rivet has a shank which is a 
straight cylinder with outer diameter D1, wherein the hollow cavity in the shank 
has conical section tapered from the shank end and converging towards the 
flange at angle a and a straight cylinder section with an inner diameter D2 
extending from the conical section to the end on the flange side. The shank has 
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a substantially flat ring-shaped end with outer diameter D1 and radial length T1, 
and wherein the angle a of the conical section ranges between 70° and 1 10 9 . 

[0007] Because the shank is a straight cylinder with a conical hollow 
cavity tapered from the shank end and converging towards the flange at an angle 
between 70° and 110 2 , and the shank has a substantially flat ring-shaped end 
with radial length T1 and an outer diameter the same as the outer diameter of the 
shank. The rivet pierces the workpieces without becoming crumpled. In the final 
workpiece, the end of the shank becomes deformed and expands outwardly in 
the radial direction, remaining inside the workpieces without passing through. In 
the final workpiece with the shank end, the piercing length in the radial direction 
or the amount of undercut is sufficiently large, and the final workpiece is joined to 
the other workpiece on the punch side with sufficient strength. 

[0008] In the self-piercing rivet of the present invention, the thickness 
T2 (D1-D2) of the shank at the straight cylinder section of the hollow cavity is 25 
to 45% of the outer diameter D1 of the shank. This thickness ensures that the 
self-piercing rivet is strong enough. Also, the axial length (thickness) of the 
flange in the self-piercing rivet of the present invention is 5 to 20% of the outer 
diameter D1 of the shank. This keeps the flange from rebounding in the driving 
direction and reduces the degree to which the flange protrudes from the surface 
of the workpiece. The entire length of the shank is the sum of the overall 
thickness of the workpieces and the die thickness of the rivet fastening device. If 
the shank is too long, the bottom surface of the flange does not remain attached, 
and the durability of the joint decreases. If the shank is too short, there is less 
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undercut and the shank is more likely to split. In addition, the entire length of the 
hollow cavity in the shank should be 70% or more of the overall thickness of the 
workpieces, the radial length T1 of the end surface of the shank should range 
between 0.2 mm and 0.6 mm, and the entire rivet should be heat treated to 
prevent stress corrosion. 

[0009] In one embodiment of the invention, a method of inserting a 
rivet of the present invention is disclosed. Particularly, the self-piercing rivet is 
driven into workpieces, the temperature of the self-piercing rivet should be less 
than -100 Q C. When the temperature of the self-piercing rivet is -100 e C or lower, it 
can be driven into thicker workpieces than at room temperature. 

[0010] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] Figure 1 is a cross-sectional view of a self-piercing rivet of the 

present invention; and 

[0012] Figure 2 is a cross-sectional view of the self-piercing rivet in FIG 

1 inserted and fastened into a workpiece. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0013] The following description of the preferred embodiments is 
merely exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. 

[0014] The following is an explanation of an embodiment of the present 
invention with reference to the drawings. Figure 1 is a cross-sectional view of a 
self-piercing rivet 10 of the present invention. Figure 2 shows a self-piercing rivet 
10 with this configuration driven into two workpieces 30, 40 using a fastening 
device common to the art with a punch and die as described in the specification 
of U.S. Patent No. 6,325,584. It is envisioned workpieces 30, 40 are aluminum 
automobile body panels, aluminum-magnesium (A500) alloy or aluminum- 
magnesium-silicon (A6000) alloy. The workpiece 40 is the workpiece adjacent to 
the die (not shown). It is the final workpiece to be penetrated by the self-piercing 
rivet 10. The self-piercing rivet 10 does not pass completely through the final 
workpiece 30. 

[0015] In Figure 1 , the self-piercing rivet 10 comprises a flange 15 with 
a large diameter and a shank 17 with a hollow cavity 16 extending from the 
flange 15 inward. The entire self-piercing rivet 10 is preferably made of 
aluminum or an aluminum alloy, but can equally be iron alloy for use with steel 
sheet metal workpieces. In the test, it was made of an aluminum-zinc (A7000) 
alloy which is ideal for use in fastening aluminum automobile body panels 
together. Here, the self-piercing rivet 10 is heat treated to prevent stress 
fractures and corrosion. The shank 17 is cylindrical with an outer diameter of D1 . 
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In the test, the outer diameter D1 of the shank 17 was 6 mm. The present 
invention is not limited to this number. This is used merely for illustration 
purposes. Similarly, the present invention is not limited to the numbers used for 
the other components. Again, these are used merely for illustration purposes. 
The flange 15 has an outer diameter greater than the outer diameter D1 of the 
shank. In the test, it was 7.8 mm. The boundary between the bottom surface of 
the flange 15 and the shank 17 forms a curved surface 19 smoothly from the 
flange 15 to the shank 17. In other words, the transition from the flange 15 to the 
shank 17 is smooth and continuous. Even though the flange 15 is deformed by 
the punch (not shown) when the self-piercing rivet 10 is driven into the 
workpieces, the rivet flows smoothly into the workpieces because of this shape. 
Preferably, the curvature radius R1 of the curved surface 9 was 2 mm. 

[0016] In the present invention, the hollow cavity 16 in the shank 17 
has conical section 21 tapered from the shank end (the bottom end of the shank 
17 in Figure 1) and converging towards the flange 15 at angle a and a straight 
cylinder section 22 with inner diameter D2 extending from the conical section 21 
to the end on the flange 15 side. The angle a of the conical section 21 ranges 
between 70° and 110-. An angle in this range allows the end of the shank to 
expand outward radially, so the shank does not pass through the final workpiece 
but remains inside. In the test, the angle was 90 Q . The inner diameter D2 of the 
straight cylindrical section 22 determines the thickness of the shank 17 in this 
section. This point is described in greater detail below. The shank has a 
substantially flat ring-shaped end 24 with outer diameter D1 and radial length T1. 
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The radial length T1 of the flat ring-shaped end 24 ranges between 0.2 and 0.6 
mm (3 to 10% of the outer diameter D1 of the shank). The shape of the end 
should be as sharp (pointed) as possible. For the purposes of reliable fastening, 
the radial length T1 of the end 24 was set at 0.3 mm in the test. 

[0017] Optionally, the self-piercing rivet has a thickness T2 (shank 
outer diameter D1 - hollow cavity inner diameter D2) of the shank 17 at the 
straight cylinder section 22 of the hollow cavity 16 is 25 to 45% of the outer 
diameter D1 of the shank. This thickness ensures that the aluminum self- 
piercing rivet is strong enough. In the test, the inner diameter T2 was 2.1 mm 
and the hollow cavity inner diameter D2 was 2 mm. The upper end or curved 
surface 19 of the hollow cavity 16 should form a concave surface along wide 
angle (3 so as to continue along the cylindrical inner wall at curvature radius R2. 
This makes it strong enough to resist fracturing when driven in. 

[0018] In the test, angle (3 was 160 Q and curvature radius R2 was 0.5 
mm. Also, the axial length (thickness) L1 of the flange is 15 to 20% of the outer 
diameter D1 of the shank. This keeps the flange from rebounding in the driving 
direction and reduces the degree to which the flange 15 protrudes from the 
surface of the workpiece 30. In the test, this was set at 0.9 mm. Here, the entire 
length L2 of the shank 17 is the sum of the overall thickness of the workpieces 
30, 40 and the die thickness (not shown) of the rivet fastening device. If the 
shank 17 is too long, the bottom surface of the flange 15 does not remain 
attached to the surface of the workpiece 30, and the durability of the joint 
between the workpieces 30, 40 decreases. If the shank 17 is too short, there is 
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less undercut 23 and the shank 17 is more likely to split. In addition, the entire 
length L3 of the hollow cavity 16 in the shank 17 should be 70% or more of the 
overall thickness of the workpieces 30, 40. 

[0019] When a fastening die protruding from the center is used, the 
gap between the center of the die and the upper end 25 of the hollow cavity 16 
should be longer than the thickness of the bottom workpiece. In the test, the 
entire length L3 of the hollow cavity 16 was 4 mm. The intersecting section 
between the bottom end of the conical section 21 and the ring-shaped flat end 
24, as shown in Figure 1 , should be angular. Ideally, it should be a concave 
curve. This reduces the resistance to the flow in the workpieces when the self- 
piercing rivet is driven in and improves the fastening effect. 

[0020] A self-piercing rivet 10 with this configuration is driven into a 
plurality of workpieces 30, 40 using a fastening device common to the art with a 
punch and die as described in the specification of U.S. Patent No. 6,325,584. 
The end of the shank 17 is driven into the plurality of workpieces 30, 40. The 
shank 17 passes into the workpieces, and the section corresponding to the 
conical section 21 of the hollow cavity 16 at the end of the shank 17 expands 
outward radially, and the ring-shaped flat end 24 of the shank does not pass 
through the workpiece adjacent to the die or the final workpiece but remains 
inside. The plurality of workpieces are interposed between to expanded shank 
and flange 15 and thus joined together securely. Figure 2 shows this self- 
piercing rivet 10 joining the two workpieces 30, 40 together. In the test, the end 
of the shank 17 on the self-piercing rivet 10 expanded outward radially and ate 
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into the final workpiece 40 with an undercut 23. As a result, the workpieces 30, 
40 were joined together properly and securely. 

[0021] When the self-piercing rivet is driven into workpieces, the 
temperature of the self-piercing rivet optionally can be less than -100°C. When 
the temperature of the self-piercing rivet is -100°C or lower, it can be driven into 
thicker workpieces than at room temperature. 

[0022] In the self-piercing rivet of the present invention, the hollow 
cavity in the straight cylinder shank has conical section tapered from the shank 
end and converging towards the flange at angle between 70° and 1 1 0° and a 
straight cylinder section extending from the conical section to the end on the 
flange side, and the shank has a substantially flat ring-shaped end with an outer 
diameter the same as the outer diameter of the shank. As a result, the rivet 
pierces the workpieces without becoming crumpled. In the final workpiece, the 
end of the shank becomes deformed and expands outwardly in the radial 
direction, remaining inside the workpiece without passing through. In the final 
workpiece with the shank end, the piercing length in the radial direction or the 
amount of undercut is sufficiently large, and the final workpiece is joined to the 
other workpiece on the punch side with sufficient strength. Because the self- 
piercing rivet of the present invention is made of aluminum or an aluminum alloy, 
it can be discarded and recycled without having to be separated from the 
aluminum automobile body. 

[0023] The description of the invention is merely exemplary in nature 
and, thus, variations that do not depart from the gist of the invention are intended 
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to be within the scope of the invention. Such variations are not to be regarded as 
a departure from the spirit and scope of the invention. 
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